Gem GTPase is a member of a protein family that includes Rad, Rem and Rem2. Although until recently precious little was known about the function of Gem, recent studies have revealed that Gem may influence cell morphology by antagonising the actions of the Rho GTPase effector protein ROCK I.
family [3, 4] . Leone et al. [5] found that expression of Gem in N1E-115 or SH-SY5Y neuroblastoma cells shifted the population towards a flattened morphology with an increased number of neurites.
Previous studies showed that, in neuroblastoma cells, signalling through RhoA and its downstream effector serine/threonine kinases ROCK I (ROK β) and ROCK II (ROK α or Rho kinase) is necessary and sufficient for ligand-induced neurite retraction, and that inhibition of ROCK function is sufficient to induce neurite outgrowth [6] . Consistent with the possibility that the effects of Gem on cell morphology and neurite outgrowth worked by antagonising Rho/ROCK signalling, Gem was found to reverse neurite retraction induced by ROCK I [5] .
Interestingly, substitution of serine 89 by asparagine did not alter Gem's ability to block ROCK I-induced neurite retraction; the equivalent substitution of Ras residue 17 reduces its affinity for GTP without affecting GDP binding [7] , so the implication is that Gem does not necessarily work as a typical GDP/GTPregulated molecular switch. The influence of Gem on the actin cytoskeleton may instead be determined by the level of Gem protein in a given cell, by phosphorylation status [8] , or by binding to calmodulin [9] or 14-3-3 proteins [10] .
Further examination of the connection between Gem and ROCK by Ward et al. [11] revealed that neurite retraction in N1E-115 neuroblastoma cells induced by ROCK I, but not by ROCK II, was reversed by Gem. In contrast, Rad robustly antagonised the effect of ROCK II on cell morphology, but only weakly affected ROCK I-induced neurite retraction. These How might Gem antagonize ROCK I signalling? The activity of immunoprecipitated ROCK I was reported to be unaffected by co-expression of Gem, indicating that Gem does not induce a modification that reduces the specific activity of the kinase. An alternative possibility is that binding to Gem alters the subcellular localisation of ROCK I such that it is no longer in the same cellular compartment as active Rho. Indeed, Gem has been shown to be associated with the microtubule and actin cytoskeleton [13] , while RhoA is either cytosolic or associated with the plasma membrane [14] . This is analogous to the Ras-induced re-distribution of ROCK I and ROCK II from a Rho-enriched detergent-soluble fraction to a Rho-impoverished detergent-insoluble fraction, which results in a loss in actin stress fibres in fibroblasts [15] .
A further possibility is that Gem expression alters the substrate specificity of ROCK I, either by affecting intrinsic properties of the kinase, or more likely by directing the kinase to subcellular compartments in which some typical substrates are not found. Consistent with this possibility, Gem expression was found to reduce ROCK I-mediated phosphorylation of the regulatory myosin light chain and the myosin-binding subunit of the myosin light chain phosphatase, without apparently affecting LIM kinase 1 phosphorylation and activation [11] . Might this change in substrate specificity account for the ability of Gem to antagonise ROCK I-induced neurite retraction? Although active LIM kinase 1 alone was not sufficient to induce neurite retraction [16] , expression of myosin light chain with phospho-mimetic mutations at residues threonine 18 and serine 19 was sufficient to induce neurite retraction and cell rounding that were insensitive to Gem [11] . So only some ROCK I substrates are critical for neurite retraction, and Gem appears to interfere with ROCK I targeting to these substrates while allowing access to others.
Given that the effects of Gem on ROCK I have been determined using transient over-expression methods, many questions remain regarding the physiological role of Gem. As both ROCK I and ROCK II have been reported to be ubiquitously expressed -including in the central nervous system, where ROCK II was actually found to be the predominant form in the adult rat brain [ 
